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Introduction 

Very l i t t l e  has appeared i n  t h e  l i t e r a t u r e  concerning the  rad ia t ion  
chemistry of covalent inorganic cmpounds i n  condensed phase. 
f o r  new high energy oxidizers,  it sounds p laus ib le  tha t  ion fragmentation, 
e lec t ron  capture, ion-molecule reactions and f r ee  r ad ica l  combination reactions 
a t  l o v  temperatures may be u t i l i zed .  

I n  the  search 

Conversion of severa l  per  cent of ~ O V J  molecular weight materials bjr 
non-chain reactions 
3 hfev Van de Graaff with a gold t a r g e t  supplies t h i s  dose to  a small sample 
i n  one hour. The sample can be held a t  any desired temperature i n  a Cewar 
f l a sk .  Cetection of products, many of them highly reac t ive ,  is accomplished 
by d i r ec t  d i s t i l l a t i o n  a t  low temperature and very low pressure i n t o  a time- 
of-fl ight mass spectrometer. L i th  t h i s  bas i ca l ly  simple technique, a survey 
of r ad io lys i s  of many systems, both pure and binary, is under ,way. This 
r epor t  describes r e s u l t s  obtained thus f a r .  

requires r ad ia t ion  doses of the  order of 100 megarads. A 

Experimental81 

Horizontal X-ray source. Large doses of 2-3 M e V  bremsstrahlung (up 
t o  100 megarad/hr) a re  generated by d i rec t ing  the  3 MeV elec t ron  beam from a 
Van de Graaff accelerator onto a water-cooled gold t a rge t  (Figure 1). 
v e r t i c a l  e lec t ron  beam is deflected go", producing a horizontal  beam, s o  t h a t  
sample placement may be f a c i l i t a t e d  (Figure 2) .  

cooled tip- thin-walled s t a i n l e s s  s t e e l  tube. 
silver-soldered over the  end of the  tube, a c t s  as a heat sink. 
valve (Nupro No. SS-h) connected t o  the  tube with Swagelok f i t t i n g s  and 
equipped with a Kel-F O-ring s e a l  and a micrometer handle complete the  vessel .  

A standardized sample s i z e  of 0.075 m o l e  of reac tan t  

The 

Reaction vessel.  Samples t o  be i r r ad ia t ed  a re  condensed i n t o  the 
A brass  slug, 

A metering 

Sample s i ze .  
was chosen. In a b icary  reac t ion  system the  t o t a l  sample comprises 0.15 m o l e .  
These amounts provide a convenient sample for analysis and a r e  considered t o  
be safe  i n  the  event of an explosion i n  the  2 m l  reac t ion  vesse l .  

a )  Further experimental d e t a i l s  may be found i n  Papers Fresented, ARPA Pro- 
pe l l an t  Contractors Synthesis Conference, I I T  Research I n s t i t u t e ,  Chicago, 
h p r i l  13-15, 1954. 
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Cooling prov$siors.  Tihe i r r ad iz t ions  are car r ied  out a t  77°K by 
immersing t h e  reaction vesse l  i n  l i q u i d  nitrogen within a spec ia l ly  constructed 
vacuum f l a s k  (Figure 3 )  which contains a cooled s ide  arm tha t  is a l so  con- 
venient f o r  accurate placing of  the sample tube. 
system replenishes the  l i q u i d  nitrogen as necessary. 

A thermocouple and demand 

Cosimetry. Liquid dosimeters a re  of too la rge  a volume t o  allow 
accurate determination of t h e  dose delivered t o  the  small (-50 111) samples 
used i n  t h i s  study. 
been developed by one of usa) and is useful i n  t h i s  study. '..hen cadmium 
nuclei  a re  i r rad ia ted  with >1.25 Mev photons, metastable Cdlllm nuclei  a r e  
produced which decay with a 49 minute half l i f e  and emit 149 and 247 kev 
photons. 
for  5 minutes provides a s u f f i c i e n t  a c t i v i t y  count f o r  accurate dosimetry. 

A new cadmium dosimeter based on photoactivation has 

A 50 p 1  volume (430 mg) of cadmium metal which has been i r r ad ia t ed  

Analysis. 
during and a f t e r  i r r ad ia t ion .  No warming is allowed u n t i l  the sample tube 
hes been connected t o  the  mass spectrometer and analysis fo r  non-condensable 
yases is complete. 

pumped of f  through another valve u n t i l  the pressure reaches -,O.O5 mm, a t  
rihich point analysis f o r  gases which a re  condensable a t  77"K, but which exert  
a s i g n i f i c a n t  vapor pressure a t  t h i s  temperature, is accomplished. 
and OF2 a r e  among the  compounds which may be seen a t  t h i s  point. 
nitrogen ba th  is  removed when these  da ta  have been collected and i n  its place 
is  subs t i tu ted  a 77-350"K var iab le  cryostat .  That sample is now slowly warmed 
and sequential  f rac t ions  a r e  d i s t i l l e d  in to  the  Bendix time-of-flight mass 
spectrometer. A rough separa t ion  is thus accomplished and the iden t i f i ca t ion  
of prodccts is  made somewhat eas i e r .  Excess amounts of a l l  components ob- 
served i n  t h e  product mixture a r e  pumped o f f  a t  the  temperature a t  which 
they are observed before t h e  temperature is ra i sed  and the  next f r ac t ion  
examined. 
compounds produced i n  the  rad io lys i s  and w i l l  serve a s  a guide f o r  future,  
l a rge r  s ca l e  work. 

The sanples under study are  maintained a t  77°K before, 

L t  77°K the gases observed may include F2, N2 and 02. 
hen analysis f o r  the non-condensable gases is complete these gases are 

Both NF3 
The l i qu id  

The data thus obtained provide a qua l i t a t ive  ind ica t ion  of t h e  

Results 

I r rad ia t ions  of pure substrates.  I r r ad ia t ion  of one-component 
systems is a desirable p re requ i s i t e  for the study of multi-component systems. 
The i r r ad ia t ion  of a pure ccmpound provides data which may indicate t h e  iden- 
t i t y  of ac t ive  intermediates which may then be considered fo r  use a s  reactants 
i n  mixed systems. 
r e s u l t  from such treatment t h a t  will be in t e re s t ing  i n  t h e i r  own r igh t .  Also, 
it is  necessary t o  obtain a s  much product i den t i f i ca t ion  data a s  possible i n  
single-component systems i n  order t o  simplify the  ana ly t i ca l  problems encoun- 
te red  when mixtures a re  i r r ad ia t ed .  

In addition, the p o s s i b i l i t y  exists t h a t  products w i l l  

The data i n  Table. 1 a re  presented i n  the  following manner: 
the second column l i s t s  the temperature of t he  sample tube from which t h e  
products a r e  d i s t i l l e d  i n t o  the  mass spectrometer a t  - 8 x 10-6 m; the th i rd  

1 
A 

i 
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e )  C .  D. agner, t o  be repor ted  elsewhere. 
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column l is ts  t h e  products as ident i f ied  by the  mass spectra obtained a t  the 
respective temperatures, and the  four th  column lists ions observed but f o r  
which no iden t i f i ca t ion  could be made. 

- I r rad ia t ions  of Binary M i x t u r r .  The low temperature i r r ad ia t ion  
of binary mixtures i s  being studied as a unique synthe t ic  method which may 
produce compounds which have not been previously observed because of t h e i r  
low therrcal s t a b i l i t i e s .  
d i f f i c u l t  or perhaps iripossible, thus the  co l lec t ion  of data describing such 
s t ruc tures  i s  a primary aspect of t h i s  study. The data below a r e  presented 
i n  the  same manner as those above (Table 2 ) .  

Their synthesis by purely chemical means may be very 

DISCUSS ION 

The basic processes which a re  responsible f o r  reac t ion  on irradia- 
t i on  of these covalent inorganic systems a re  due almost e n t i r e l y  t o  exc i ta t ion  
and ionization of the  molecules by the  secondary e lec t rons  generated i n  the 
sample by Compton sca t te r ing .  
cule ions, and excited molecules; these species decompose t o  fragment ions 
and rad ica ls  and r eac t  with the  bulk subs t ra te  and with one another t o  give 
the  observed products. A t  present l i t t l e  i s  known of t he  reac t ions  of such 
species a t  77"X, and i n  t h i s  study, which i s  intended merely t o  ind ica te  a reas  
f o r  promising fu r the r  research, l i t t l e  emphasis has been placed on the  eluci-  
dation of possible Kechanisms of reactions.  Such information can only be 
gained by considering t h e  y i e lds  of the various products i n  a quant i ta t ive  
manner. 

The primary species produced a r e  excited mole- 

Without quant i ta t ive  y ie ld  da ta  one can say l i t t l e  concerning pro- 
posed sources of t h e  observed products. 
data t o  s t a t e  with ce r t a in ty  which products appear i n  predominant quan t i t i e s  
and whether or not a chain reaction has been found. 
t h a t  t he  y i e lds  a r e  modest and a r e  those which one would expect of non-chain 
urocesses with G values of t he  order of 5-10. 

I t  is  even d i f f i c u l t  without s a h  

A t  t h i s  point it appears 

Some of t he  problems facing the inves t iga tor  i n  a study such as 
t h i s  s h o d d  be mentioned before one proceeds in to  a discussion of the  i r rad i -  
ated systems. 
solved: 
cooling of the  samples during i r r ad ia t ion ,  accurate dosimetry on the  geometry 
of small saffiples, micro separation of the  i r r ad ia t ion  products, and analysis 
of micromolar amounts of highly reac t ive  species v ia  time-of-flight mass spec- 
trometry. Aspects which can be improved include a method f o r  mixing reac tan ts  
i n  micro quan t i t i e s  a t  77°K t o  be sure  t h a t  an intimate mixture i s  obtained 
and perhaps a mass spectrometric method which would be capable of b e t t e r  
ident i f ica t ion  through higher reso lu t ion .  
t i on  of compounds which a r e  present i n  the  mass spectrometer f o r  a few f l ee t ing  
seconds i n  some instances i s  tenuous. 
ions from t h e i r  m/q values alone is a l s o  a constant source of d i f f i c u l t y  as 
i n  the case of polyoxygen f luor ides ,  where the  04F2+ ion and t h e  HOSiF3+'ion 
both possess a m/q value of 102, and t h e  difference between these masses 
arr,ounts t o  only 0.0015 amu.--an unresolvable difference with a TOF mass 

Many of t he  experimental d i f f i c u l t i e s  have been successfully 
application of a high dose rate of photons t o  a small sample, adequate 

The =ass spectrometric ident i f ica-  

The ambiguity in  the  ident i f ica t ion  of 
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spectroneter.  Fortunately,  most systems lend themselves t o  TOF nass spec- 
trometry w i t h o u t  too much ambiguity. 
compounds encountered he lp  t o  make r a t iona l  decisions about t he  ident i fy  of 
t he  spec ies  observed (Table 2). 

Differences i n  the  v o l a t i l i t y  of the 

A s  the data demonstrate, a la rge  var ie ty  of products may be expected 
i n  the  i r r ad ia t ions  of compounds containing the -1iF and -OF groups. 
of  the  i r r ad ia t ions  of these  fluorine-containing compomds, elemental f luorine,  
F2, i s  observed as a product. 
w i sh  t o  examine t h e  system i n  order t o  see i f  e i t h e r  t he  s t a r t i n g  material(s)  
o r  one of t he  products i s  l i k e l y  t o  be attacked by F2 a t  77°K . Thus, in the  
case of SF6, where one might expect one or  both of t he  following reactions on 
i r r ad ia t ion ,  

I n  mcs t 

In  those cases where no F2 is  found, one may 

2SFe = FsS-SFS + Fg 

SFe = SF4 + F2, 

no product is observed. 
result i s  t h a t  these  r eac t ions  may proceed i n  the  reverse d i rec t ion  spontane- 
ously a t  77"1(, t h e  temperature a t  which the  i r r ad ia t ion  is performed. A t e s t  
for t h i s  hypothesis would be the  successful trapping of t he  intermediates 
before the  reverse reac t ion  occurs. 
on i r rad ia t ion :  

One hypothesis t h a t  might be suggested f o r  t h i s  

Using NF3, no reaction occurs with SF6 

SFe t NF3 = no products observed. 

In  the  presence of OF2, however, it i s  found t h a t  products a r e  generated i n  
the i r r ad ia t ion ,  

SFE; + 0F.2 = OSF4 + 2F2, 

thus, it appears t h a t  e i t h e r  an i r r ad ia t ion  product of OF2 a t tacks  SFe 
successfully,  o r  some sulfur-containing intermediate has been trapped. 
any case, the  sulfur-oxygen bond formed resists a t t ack  by f luor ine  and a 
product i s  observed. 

In  

Similar behavior is exhibited i n  the case of SOn. Alone, SO2 gives 
no  products on i r r ad ia t ion .  
reac t ion  occurs and a l l  the  f luor ine  which one would normally see from NF3 o r  
OF2 alone appears i n  t h e  products, S02F2, SF40, and (possibly) SF+. 
case of SiF4, n o  reactionhhas ye t  been effected,  e i t h e r  alone or with possible 
trapping agents (W3 and OF2). 

In the  presence of e i t h e r  NF3 or OF2, however, 

I n  the 

The nitrogen oxides seem t o  be f a i r l y  regular ly  interconverted on 
i r r ad ia t ion .  An exception t o  t h i s  is tha t  n i t r i c  oxide never appears among 
t h e  products a t  77"K, where we know from experience t h a t  it can be observed 
i n  a product mixture and quant i ta t ive ly  pumped o f f .  
both NO and 02, it is probable t h a t  the NO is l o s t  i n  t he  reaction, 

In systems which generate 

NO + 112 02 = N02, 
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vhich requires l i t t l e  ac t iva t ion  energy. 
tnese systems, the  above react ion must occur before -analysis .  

t i o n  of dinitrogen te t roxide.  
of a sample of i r rad ia ted  N204, when the  temperature is ra ised t o  about 
i75"i(, O2 and NO a r e  evolved. 
oxygen in  the so l id  &04 l a t t i c e  previously, it appears t h a t  a t  175" a decom- 
posit ion is  occurring; no addi t ional  data a r e  ye t  avai lable  concerning the 
compound(s) which may be the source of t h i s  decompositlon. 

In  order f o r  u s  n0.c t o  see NO i n  

Tne in te res t ing  phenomenon of oxygen hold-up occurs i n  the i r radia-  
Glhereas no O2 is  observed a t  77°K on analysis  

Since we have not observed the trapping of 

The i r rad ia t ion  of CF& i n  the presence cf l e  appears t o  give a 
higher product y i s l d  than does CF3C1 alone. 
as  might be expected from a higher conversion. 
e f f e c t  and may a c t  a s  an e f f i c i e n t  energy t r a n s f e r  agent. 
t o  display a s imi la r  e f f e c t  in t h e  i r r a d i a t i o n  of NF3. 

nlso,  more products a r e  observed, 
Xe thus exer t s  a synergis t ic  

Carbon dioxide seems 

The products from n i t r o s y l  f luor ide  and n i t rosy l  chlor ide shori 
kist a great  many processes must occur when these systems a r e  i r rad ia ted .  
Although no oxjgen i s  observed among t h e  prcducts, i n  the case of O=NF a l l  
of the 0,F2 species normally seen from OF2 are produced, though OF2 i t s e l f  
is not seen. 
in  secondary react ions.  The grea t  var ie ty  of N-F compounds and nitrcgen 
oxides produced in  these systems add t o  the confusion, but most s t r i k i n g  is  
the prcduction of apparent dimers (and possibly trimers) of the  n i t r o s y l  
halides, (O=NF)* and ( O = N C l ) > ,  f o r  which no s t ruc ture  i s  yet  suggested. 
such s t ruc tures  can be wri t ten.  

I f  oxygen or OF2 a r e  products, they must be quant i ta t ive ly  used 

Pleny 

The two systems which have been most thoroughly studied i n  t h i s  
irork a r e  the IJF3 and the OFe systems. These n a t e r i a l s  were both i r rad ia ted  
ear ly  in the program and then frequent ly  again both alone and admixed with 
other  reactants .  The prcducts of these i r rad ia t ions ,  by vir tue of the f a c t  
t k a t  they involve only tvo elements each, a r n  confinzd to  a smali number: 

NF, 

OF2 02, FE, 02F2, 03F.2, and 04F2(?) . 
N2, F2, e - - N Z F 2 ,  =-:i2F2, and N2F4 

The chemistry involved, however, i s  complicated. We see in  the f i r s t  case 
t h a t  by s0r.e means t h a t  a l l  of the f luor ine  atoms have been s t r ipped from 
NF?, producing N2. 

ions with s ign i f icant  y i s l d s  of N+ and even F+ a s  Well;(4) the  formation of 

( 4 )  

the fragment ions i s  presumably accompanied by formation of F2 and.F. 
S i n i l a r  producls may a r i s e  from the i n i t i a l  exci ta t ion of NF3 during radioly- 
sis i n  the condensed phase, but here the  detai led course of events may be 
moalfied by c o l l i s i o n s  between excited species and surrounding molc-cules. 

The mass spectrum of NF, shcws NF3+, NF2+ and NF+ a s  predominant 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - - _ - - - - _ - - - - - - - - - _ -  
C .  H. Colburn and A .  J .  Kennedy, J .  Am. Chem. S O ~ .  80, 5004 (1958). _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - _ - - _ - - - - - - - -  
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Recombination of ions and e lec t rons  should lead t o  the formation 
of -NF2 and :NF rad ica l s .  Formation of -NF2 rad ica l s  and F- ions may occur 
a l s o  by the exothermic process 

!JF3 + e- 'NF2 + F- . 
?ormation of N2F4 can c l e a r l y  occur by reccmbination of *NF2 rad ica ls ;  N2F2 
may form s imi l a r ly  from :NF rad ica ls  ' Ahough the  energy re lease  w i l l  favor 
decomposition of t h e  product. The exothermic cross-coupling r ad ica l  reaction 

is a l s o  a p o s s i b J i t y .  
r e l a t ed  reaction 

A poss ib le  route t o  N2 and F2 is provided by t h e  

:NF f :NF --t N2F2* -> N 2  + F2 

i n  which tine f i r s t  s t ep  makes ava i lab le  about 4 ev of exc i ta t ion  energy. 
S t i l i  o-ther p o s s i b i l i t i e s  a r e  provided by ion-molecule reac t ions  such as 

*NFt + NF3 = NF2' +-NF2 

rrhich may be s l i g h t l y  exothermic, and by reac t ions  of F- with any of t h e  
pos i t i ve  ions  mentioned above. 

Similar reasoning man be made t o  account qua l i t a t ive ly  f o r  t h e  
products obtained from OF2. 
cerning these systems, t o  obta in  more concrete evidence f o r  the  mechanlsrn of 
the  reac t ions  and t o  attempt t o  devise experiments i n  which some of the  in te r -  
r ed ia t e  species pos tu la ted  may be trapped and ident i f ied .  

The task  ahead w i l l  be t o  gain more data con- 

Conclusion ~- 
The technique described and the  r e s u l t s  obtained serve t o  ind ica te  

t h a t  low temperature rad ia t ion  synthesis i s  indeed a t o o l  which may prove t o  
be of value i n  the  study of endothermic oxidizing agents of low thermal 
s t e b i l i t y .  Althoilgh no quan t i t a t ive  product d i s t r ibu t ion  has been measured, 
and scme of the  products a r e  s t i l l  n o t  ident i f ied ,  t he  guidelines established 
by a survey study such as t h i s  w i l l  be of grea t  value i n  choosing systems 
worthy of fu r the r  study. 
prodact mlxtures w i l l  provide a monitoring system i n  guiding t h e  separation 
of l a rge r  amountsof t h e  i r r a d i a t i o n  products. 
l i qu id  chromatography, i n f r a red  and U.V. spectroscopy, as well as NMR, W i l l ,  
of coarse, have Lo be applied i n  the  characterization of those compounds 
which w e  have u n t i l  now deemed "uncharacterized" . 

The mass spectrometric ana lys i s  scheme f o r  t h e  

Other techniques, such as gas- 
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j Compound 
; I r rad ia ted  

NF3 

N2F4 

FNO 

C l N O  

N20 

NO 

N204 

- 
Temp 
O X  

77 
100 
134 

77 
105 

77 
123 

161 

223 

293 

77 
195 
292 

7 7 
2411 

77 
124 
243 

77 
176 
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Teble 1 

Products Ident i f ied  
( I n  Approximate Order 

of Abundance) 
~ ~ ~~ 

NP, F2 ( see  Fig.  4) 
cis-N2F2, trans-N~F2 - 
N2F4 

N204, N02F ( ? )  

i Ions Observed- 
Source Unidentified 

observed a t  223 j 
I 

i 
N20C1+, N202Cl' j 

t i o n  .it t h i s  

(Ccntinued). 



Compound 
I r rad ia ted  

Cemp, 
O I! 

77 
107 

- 

126 

176 

219 

83 
143 
253 

77 
293 

208 
293 

218 

Table 1 (Contd) 

Prcducts Ident i f ied  
( I n  Approximate Order 

of Abundance) 

soiz.,,.  SF^ 

t o  550".  
No uroducts observed 

No products observed 
to 35G".  

C F 4  
C 2 F 6 ,  C F z C b ,  C l 2 ,  

and C 2 C 1 2 F 4  or 
C 2 C l F s .  

c1.2 
C 2 C 1 6 ,  p lus  a c3 

species, probably 
! C 3 C l e .  

2 )  This species evolved from a decompos 
t e m e r o t u r e  . 

Ions Observed- 
Source Unidentified 

t ion  a t  t h i s  

3 )  F r G m  t he  ac t ion  of the  sample on the  Kel-F grease 
on the O-ring sea l .  

-1 I 

1 



Compound 
Irradiatec 

NF3 & 02 

NF3 L OF2 

NF3 C;: N20 

NF3 2 NO 

NF3 C N20~ 

- 
'em?, 
" K  
- 
77 
100 

143 

211 

253 

77 
108 

116 
211 
253 

77 
110 

179 
253 

77 
83 
98 

113 

193 

77 
111 
148 

i 204 

219 

Table 2 

~ ~~~ ~ 

Products Identified 
(In Approximate Order 

of Abundance) 

F2, (2) G2, (2) FNO 
N20, *-N2F2, 
trans-N2F2', N02F 
Ir.) 

_-_--- 
2 )  This species evolved from 8 decompc 

temperature. 

Ions Observed- 
Source Unidentified 

NO' 

Ng', NF' 

3 )  From the action of the sample on the Kel-F grease 
on the O-ring seal. 

(Continued) 

. 



Mixture 
Ir radiatcd 

NF3 + SO2 

NF3 + SF6 

UF3 + S1F4 
NF3 + C C 1 4  

NF3 + C2H2 

NF3 + c02 

Temp, 
0 :, 1'. 

77 
99 
123 

169 

77 
128 

173 

19 5 
293 

77 
89 . 
156 
186 

220  

Table 2 (Contt;) -__ ___. 

Products Ident i f ied 
(In Apprciximatc: Order 

of Abuncl a i c  L- ) 
--- - 

NG products other t h a -  
observed up t o  350".  

(Same as  above) 
Ne, CF4 

Ions Observd- 
Source Unidentified 

-. 
N2F4, &-N2F2, 

t r aas42F2 ,  CC12F2 
C l J G 2 C C 1 3  ( ? )  - 

Iiicrcased y i G c k  of 
normal NF3 i r radia-  
t i o n  products as 
xll 2.3 scnc COF2 I 

I 
! 

NE, CF4 
N2F4, c&-N~F~., 

( t raccs)  trans- 
N,F~ ( t r a x  

CF~CHZF, T2NCH2CF3 

those cf NF3 alone 

+ + NC1+, NFgCCl , 
NFCC12 , 

ci 

--7 

5 )  Frcn the ac t ion  cf the sample on tha Kei-F grease on the  
+ring scal .  

(Continucd) 

'< I 

/ I  I 

, / I  1 
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Table 2 (Cont'd) 

Plixturc 
I r radiated 

OF2 + N2 

OF2 + 02 

OF2 + N20 

OF2 + NOP) 

OF2 + N204 

-. 

Temp, 
O K  

77 
107 

128 

19 1 

77 
33 

133 
173 

192 

77 
13 2 

199 

77 
158 

193 

77 
15 1 

Products Ident i f ied 
( I n  Approximate Orc'cr 

of Abundance) 
____-. __ - 

2 ) T h i s s p c c i c s  evolved f roin a decompos: 

Ions Obscrvcd- 
5ource Unideiitif i ed  

+ 
Y2F 

+ N2F 

ion a t  tnis 
t e n p  raturc.  
From the act ion of the samplc on thc Kcl-F grease 
on thc  O-ring seal. 

3 )  

4 )  Iinpuritj. 
j ) llixturc exploded bef ore i r radiat ion.  Proeucts irere 

(Continuxi j analyzed i n  the csual  manner. 
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Table 2 (Cont'd) ---- 

- 
I'lixturc 

I r rad ia ted  

OF2 + SO2 

OF2 + SFe 

OF2 + SiF4 

OF2 + ccl.4 

OF2 + C 3 2  

CF3C1 + XC 

c12 t Xe  

-. _- 
Temp, 

O IC 

77 

110 

143 

77 
13 7 

161 

77 
103 
120 

133 
181 
220 

77 
112 
193 

x i e s  

Products Idcntifieci 
( In  Approximatc Order 

of Abundance) 

No products oihcr t l x  
alone obssrvcd up t i  

Poor data - ambiguity 
distinguishing OF f. 

No products obscrvcd 

rolved from a ~ C C G C I P O S  

Ions Observcd- 
Sou-cc Unidentified 

3 SF2 , SF , S' 
-_.---__---.I + +  

(weak intcn- 
si t ics) 

those of OF2 
550". 

Kists i n  
3 5 ~ 1 .  

3 xc ( ? )  -132; 
XcF ( ? )  -151; 
X C F ~  ( ? )  -170 

t o  350". --_- 
ion a t  t h i s  

tcmpcraturc. 
Frcm t h e  ac t ion  of the sample sn the Kc.1-F greasc 
on the O-ring seal.  

3 )  

I 

1' 

, 
/ 



2 2 3  

77 

77 

77 

77 

77 

77 

77 

90 

100 

100 

100 

105 

110 

110 

120  

125 

125 

125 

125 

Conpound Temp, OK 

Cl-N=O 200 

N 2 0 4  200 

cc14 210 
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COOLED EXTENSION TUBE 
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Figure 2. APPARATUS FOR IRRADIATION WITH H I G H  
ENERGY PHOTONS 
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Figure 3. SPECIAL DEWAR F O R  H O L D I N G  SAMPLE DURING 
IRRADIATION AT - 1 9 6 O  
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Figure 4 .  N F 3  IRRADIATION PRODUCT ANALYSIS: 
T I M E  vs PEAK INTENSITY AT -196' 
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